Introduction
Myristicaceae is a botanical family composed of 18 genera and about 500 species with pantropical distribution. The species are normally trees, exceptionally shrubs, frequently found in lowland forests. In Brazil, this family is represented by the genera Compsoneura, Iryanthera, Osteophloeum, Otoba (syn. Dialyanthera) and Virola, which are concentrated in the Amazon region, where the myristicaceous species are popularly known as "ucuúba". 1, 2 The species belonging to this family became the target of intense study when Schultes reported that some indigenous tribes of the Amazon used the barks and resins Vol. 20, No. 6, 2009 of Virola spp. for the preparation of hallucinogenic snuffs and arrow poisons for hunting. 1 The phytochemical investigations on myristicaceous species have shown the accumulation of a variety of lignoids in their tissues, which have relevant pharmacological activities that are well documented in the literature. 3, 4 While there are several studies about the chemical composition of Amazon Myristicaceae species, the biological activities of these species could be better studied. This paper aims to contribute to the chemosystematics of Myristicaceae species and to assay some biological activities in vitro, by reporting a phytochemical re-investigation of the fruits from Iryanthera juruensis and Virola pavonis and of the leaves from Virola michelii, as well as a new study of the fruits of Virola mollissima as well as the results of biological assays of isolated lignoids. 
Experimental

Extraction and isolation
The ripe fruits (I. juruensis, V. mollissima and V. pavonis) were manually separated into pericarps and seeds and the latter into arils, seed coats and almonds, which were dried, milled and macerated individually with hexane followed by EtOH, during a total period of fourteen days. After the extractions, the solutions were concentrated under reduced pressure yielding their hexane and EtOH extracts. The crude hexane extracts were dissolved in 9:1 MeOH:water, and submitted to partition with hexane, yielding the hexane and hydromethanolic fractions. Similarly, the crude EtOH extracts were partitioned with hexane, CHCl 3 and EtOAc, generating four additional fractions.
The CHCl 3 residue of the EtOH extract from I. juruensis arils (960.0 mg) was submitted to column chromatography on silica gel eluting with hexane:EtOAc in mixtures of increasing polarity, affording 20 fractions that were analyzed by TLC and pooled into 4 subfractions (IJ-A1 to IJ-A4). The subfraction coded IJ-A2 (422.0 mg) gave a white precipitate which was identified as guaiacin (1, 136 .0 mg), 5 while IJ-A3 (52.0 mg) was fractioned by preparative TLC (silica gel and hexane:EtOAc 7:3) providing verrucosin (2, 18.0 mg). 6 The hydroalcoholic residue of the hexane extract of V. mollissima pericarps (2.5 g) was fractionated by silica gel column chromatography and eluted with hexane:EtOAc of increasing polarity, resulting in the isolation of grandisin (3, 13.8 mg). 7, 8 The hexane residue of the EtOH extract from the arils (3.84 g) showed formation of crystals, which recrystallized in CH 2 Cl 2 afforded hydroxy-oxo-otobain (4, 11.0 mg). 9, 10 The precipitate (555.0 mg) of the hexane extract V. mollissima arils with hot MeOH was submitted to column chromatography on silica gel and eluted with hexane:EtOAc of increasing polarity, yielding 67 fractions which were pooled into four groups (VM-A1 to VM-A4) after TLC analysis. The purification of VM-A4 by preparative TLC yielded seco-otobain (5, 12.0 mg). 9 The CHCl 3 residue of the EtOH extract from V. pavonis arils (2.4 g) was first fractionated by column chromatography with silica gel and eluted with hexane:EtOAc of increasing polarity. This procedure yielded 17 fractions that were reduced to 5 fractions according their TLC profiles (VP-A1 to VP-A5). Fraction VP-A1 (479.0 mg) was submitted to preparative TLC, and eluted with 98:2, CHCl 3 :EtOAc to afford carinatin (6, 133.0 mg), carinatidin (7, 48 .0 mg), dihydrocarinatin (8, 103 .0 mg) and dihydrocarinatidin (9, 60.0 mg). 11 Fraction VP-A2 (159.0 mg), through preparative TLC (silica gel and 4:1 hexane:EtOAc), led to the isolation of dehydrodieugenol (10, 24.0 mg). 12 After several steps to column chromatography and preparative TLC, fraction VP-A3 (197.0 mg) gave three tetrahydrofuran neolignans: galgravin (11, 16 .0 mg), 13 nectandrin A (12, 7.5 mg) 14 and galbelgin (13, 12 .0 mg). 15 Fraction VP-A4 (43.0 mg) was submitted to preparative TLC using 85:15 hexane:EtOAc provided the erythro (14, 5.4 mg) and the threo (15, 3.0 mg) isomers of an oxyneolignan. 16 VP-A5 (54.0 mg) provided verrucosin (2, 3.3 mg) after fractionation by column chromatography over silica gel and elution with hexane:EtOAc of increasing polarity. The CHCl 3 residue of the EtOH extract from V. pavonis pericarps fractionated by column chromatography and eluted with hexane:EtOAc at increasing polarity provided the fractions VP-P1 to VP-P4. The purification of VP-P2 and VP-P3 by preparative TLC with hexane:Me 2 CO 4:1 as eluent provided carinatone (16, 4.5 mg) 17 and nectandrin B (17, 3.0 mg), 6 respectively. The ground leaves of V. michelii (730.0 g) were extracted for six hours in a Soxhlet apparatus, first with hexane and then with EtOH. After that, the solutions were concentrated under reduced pressure yielding 28.4 g of hexane extract and 89.5 g of EtOH extract. Then, the crude EtOH extract was dissolved in MeOH:water 9:1, and partitioned with hexane and EtOAc yielding three residues. After TLC analysis, the EtOAc residue (29.2 g) was submitted to column chromatography using silica gel and CHCl 3 :MeOH in mixtures of increasing polarity, collecting 13 fractions. Fractions 1-5, after fractionation on preparative TLC using for elution the systems: hexane:EtOAc (98:2), hexane:Et 2 O (8:2) and CHCl 3 : Me 2 CO (9:1), allowed the isolation of eudesmin (18, 27.3 mg) 18 and phylligenol (19, 4.8 mg).
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Biological assay
Antioxidant assay
The assay was performed with DPPH (Sigma-Aldrich) in MeOH solution and the 50% effective dose (ED 50 ) was determined following the procedure described by Chang et al. 20 
In vitro antileishmanial assay
Promastigote forms of Leishmania amazonensis (WHO/BR/00/LT0016), L. braziliensis (MHOM/BR/75/ M2903) and L. chagasi (MHOM/BR/72/strain 46) were maintained in M199 liquid media supplemented with 10% fetal calf serum 21 and 2% human urine 22 at 26 o C. About 1×10 7 promastigote cells were separately incubated in 24-well plates at 26 o C for 72 h in the presence of increasing concentrations of samples. The number of cells in each culture was estimated by counting in a Neubauer chamber.
Results and Discussion
The use of adsorption chromatographic methods allowed the isolation and identification of two lignoids from the fruits of Iryanthera juruensis, three from Virola mollissima, twelve from V. pavonis and two from V. michelii leaves. The identification of isolated compounds was based especially on interpretations of their 1 H and 13 C NMR spectra and compared with reported data, since these are known compounds.
As described in the literature, 23 species belonging to the genus Virola accumulate lignoids with a great variety of carbon skeleta. In I. juruensis Warburg aryltetraline neolignan (1) and a tetrahydrofuran lignan (2) were found. V. mollissima fruits presented the occurrence of the aryltetralone neolignan 4 and its seco derivative (5). From V. pavonis (A. DC.) A. C. Smith neolignans of benzofuran type (6 and 7), dihydrobenzofuran type (8 and 9), tetrahydrofuran type (2, 11-13, 17) and biphenyl neolignan (10) were isolated, besides two diastereomeric forms of 8.O.4'-oxyneolignan (14 and 15) . The V. michelii leaves afforded two furofuran lignans, 18 and 19.
The NMR data of 5 and 19 allowed the unambiguous assignment of chemical shifts. The structure of secolignoid 5 was suggested 9 to be produced by a retro Friedel-Crafts reaction from aryltetralone neolignan. In this work, the extensive studies using NMR techniques such as gCOSY, gHSQC and gHMBC allowed the correct assignment agreeing with those previously described (see Table 1 ). Through a 1D nOe ( Figure 2 ) experiment with 5 it is possible to observe the effect of the oxy-methylene hydrogens H-1a and H-1b with the methyl hydrogens CH 3 -3 and of H-4 with CH 3 -2. The allocation of the hydrogens from ring furofuran of 16 was confirmed by analysis of its gCOSY spectrum, in which observed correlations are consistent with a spin system of H-7:H-8:H-9a:H-9b, H-7':H-8':H-9'a:H-9'b, besides the correlation between the hydrogens H-8:H-8'. The analysis of this system was based by comparison of chemical shifts of hydrogens H-7 and H-7' with models available in the literature.
In our previous work, we communicated that compound 4 showed promising results in the bioautographic test and in a solid medium quantitative activities against xylophagus Vol. 20 fungi Pycnoporus sanguineus, Trametes villosa and Lenzites work were determined. This experiment revealed the potential of V. mollissima in the development of antifungal products against wood decaying fungi. 24 An antioxidant assay by the radical scavenger DPPH was performed on V. michelii extract, their fractions and phylligenol. The 50% effective dose (ED 50 ) of 16.0 mg mL -1 was found for the crude EtOH extract and for its aqueous EtOH fraction. The EtOAc fraction obtained after partition of crude extract showed a ED 50 of 20.4 mg mL -1 . After purification of the EtOAc fraction by preparative TLC, the major fraction lost the antioxidant activity, with ED 50 = 278.0 mg mL Table 2 . The 50% inhibition concentration, IC 50 , was 27.0 and 45.0 mg mL -1 of 1 and 2, observed for L. amazonensis, suggests further studies for potential use of these compounds. 
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